Abstract. The main objective of this work is to determine the parameters of hydrological balance for several basins in the prefecture of Korinthia (SE Greece), using hydrometeorological data and geographic information systems (GIS) technology. Multiple linear regression and GIS were used to estimate the spatial distribution of rainfall. The largest precipitation amounts occur in the SW part of the region and decrease towards the eastern and northern coastal parts. The long term mean annual rainfall is 1.39×10 9 m 3 . Based on the Thornthwaite method, infiltration and streamflow were estimated to be 0.29×10 9 m 3 /yr and 0.38×10 9 m 3 /yr, respectively. The unequal distribution of rainfall results in water surplus in the western part of Korinthia prefecture and water deficit in the eastern. We conclude that he estimation of hydrologic balance is a useful tool in order to establish sustainable water resources management in each hydrological basin.
Introduction
The prefecture of Korinthia is located in the NE part of Peloponnesus in southern Greece, covering a total area of 2264 km 2 ( Fig. 1 ). Socioeconomic stability of the studied area is based on water resources availability which ensures adequate agricultural production and tourism development. The prefecture of Korinthia is characterised by non homogeneous distribution of rainfalls and water resources. Unfavourable climatic conditions combined with continuous population growth, rapid urbanization and intensive agricultural development have increased the demand for water. The major water use in Korinthia is irrigation for agriculture (86% of the total consumption). Water needs are mainly covered by groundwater abstracted by numerous wells and boreholes. The intense groundwater exploitation has led to aquifer depletion, water level decline and quality deterioration, which have negative consequences in the socioeconomic development of the area . Thus, the knowledge of hydrologic parameters is a useful tool for rational water resources management in regional scale.
Geographic Information System (GIS) technology has been increasingly used in supporting water resources management applications. Many researchers have estimated the Correspondence to: K. Voudouris (kvoudour@geo.auth.gr) parameters of the hydrological balance with the use of rasterbased GIS (Maidment, 1993; Ross and Tara, 1993; Naoum and Tsanis, 2004) .
The objective of this work is to estimate the parameters of hydrological balance for several basins in the prefecture of Korinhtia, using hydrometeorological data, geological maps and GIS technology.
General features

Physiography
The Korinthia prefecture is surrounded by sea (Korinthiakos and Saronikos gulf) and mountains: Killini or Ziria (2376 m), Chelmos (2109 m), Gerania (1350 m), Onia (570 m). Lowlands, semi-mountainous and mountainous areas occupy 18.3, 22.5 and 59.2%, respectively, of the total land. Currently 30.5% of land is occupied by forest, 26% by grassland and 31.6 km 2 (1.3%) by water. More than 35% of the total area is used for agriculture.
Using ArcView GIS, the hydrological basins were delineated. The study area consists of 23 drainage basins (Fig. 3) . The largest basin is the Asopos river basin, covering an area of 257 km 2 . There is also a shallow mountain lake (Stimfalia) covering an area varying from 350 hectares (in dry periods) to 770 (in wet periods). 
Geology
The study area is characterized by a complex geological structure (Fig. 2) . The following geological formations can be identified in the area (Rockel and Hotzl, 1986; Nikolaou et al., 1997) : Quaternary deposits consisting of alternations of coastal (sands) and fine, coarse or mixed facies formations; Plio-pleistocene deposits consisting of fine, coarse or mixed facies sediments (marls, sandstones, conglomerates, limestones etc), which cover to a high extent the northern and central part of the study area; Baserock formations (flysch, limestones-dolomites, semi-metamorphic formations), mainly cover the southwestern part of the prefecture. Carbonate formations cover 26% of the total area and are occupy mainly the south-western and eastern part of the prefecture. The study area is covered by integrated geological maps at a scale of 1:50 000 (Institute of Geological and Mineral Exploitation). 
Climate
According to the Thornthwaite classification system, the studied area has a semiarid climate in lowlands and a typical Mediterranean climate in highlands, with four distinct seasons. 85% of total precipitation generally occurs in the wet period, which normally extends from late October through May, with sparse storm events during the summer months. The mean annual air temperature at sea level is 17.5
• C and decreases by 0.59
• C per 100 m of ground elevation. January is the coldest month and July is the hottest. Summer temperatures often exceed 35
• C. Relative humidity extremes, on monthly basis, range from 48-52% in July to 73-76% in December; on annual basis relative humidity ranges from 62.8% to 68.8%.
Hydrological balance components
The hydrologic balance of one basin is given by the equation:
where: P=rainfall, R=the streamflow, E=evapotranspiration, I=infiltration, dw=the variation of the quantity of groundwater reserves, and dq=the result of human intervention. Considering the factors dw and dq as negligible, the Eq. (1) becomes:
Using hydrometeorological data, geological maps, multiple regression method and GIS technology the hydrological balance components were estimated for each watershed of Korinthia prefecture, as follows.
Precipitation
The effects of geographical parameters on the rainfall distribution in Korinthia have been extensively studied and reported Voudouris and Antonakos, 2003) . The distribution of the mean annual rainfall is governed by the following rules:
-Mean annual rainfall decreases with distance from the sea -Mean annual rainfall increases with elevation above the sea level (a.s.l).
For this investigation, monthly rainfall data were collected from 15 gauging stations of Korinthia's prefecture and 2 from the prefecture of Argolida (Prosimni, Arachneo) for the period 1970-1999 (Table 1 . The completion of missing monthly observations, which were randomly distributed throughout the operational period of few stations only, has been realized by the normal-ratio method (Linsley et al., 1988) . No problem was identified in the homogeneity of rainfall data when the method of double mass curve and the criterion of Bartlett (Mitchell et al., 1966; Macheras and Kolyva-Machera, 1990 ) were applied. Rainfall data analysis showed rainfall depth decreasing in West-to-East and North-to-South directions. The largest precipitation ammonuts, on annual basis, occur in the southwestern part of the study area: Kastania (912 mm), Kalivia (891 mm), Tarsos (776 mm) with the highest ground elevation. On the contrary, the rainfall depths are comparatively small in the eastern coastal part of Korinthia: Korinthos (409 mm), Spathovouni (429 mm) and, Velo (473 mm). Although a decreasing rainfall trend was identified at all stations, was statistically significant in a few cases only. Previous investigations that focused on the spatial and temporal distribution of the precipitation in Greece found a substantial decreasing trend due to general changes in the atmospheric circulation patterns over the Balkan Peninsula (Amanatidis et al., 1992; Fidas et al., 2004) . Using multiple linear regression (Kutiel, 1987; Naum and Tsanis, 2004; between mean annual rainfall and geographical parameters of each station, the annual rainfall distribution follows the equation:
where: P is the station mean annual rainfall (mm); λ and φ are the longitude and latitude of the station (degrees), respectively; and h is the altitude of the station (m). A decrease of mean annual rainfall of about 2.5 mm for every 1 km movement eastward and a decrease of about 2 mm for every 1 km movement northward was found. In addition, the mean annual rainfall increases by 32 mm per 100 m of ground elevation. Equation (3) was spatially implemented in Fig. 3 with the use of the raster calculator of ArcView GIS, the Digital Elevation Model (DEM), and the spatial longitudes and latitudes of the prefecture in WGS84 geographic projection system (datum). The analysis was accomplished on the basis of a raster grid with spatial resolution of 20 m. The isohyetal map in Fig. 3 is the outcome of this procedure.
The long term mean annual rainfall is 1.39×10 9 m 3 /yr (Table 3). The largest precipitation amounts occur in the SW part of the region and decrease towards the eastern and northern coastal parts of the prefecture. The unequal distribution of precipitation results in water surplus in the western fraction of the study area and water deficit in the eastern.
The first rainfall of a hydrological year in the lowlands occurs in middle September or later. The highest precipitation depths, on monthly basis, occur in November or December in the majority of the stations (15) and only in two of them in January; the lowest occur in July.
Extreme rainfall events
Extreme climatic events (droughts and floods) occurred during the last decades. Figure 4 depicts the annual rainfall fluctuation at Psari station. A decrease in rainfall depth over 30%, when compared to the mean value, is observed in 1969, 1977, 1989, 1992 and 2000 . Droughts present a random occurrence with duration, most of the times, of one or two years . Prolonged drought periods, which lead to increased groundwater pumping, cause groundwater level decline as well as a deficient groundwater balance in the main aquifer system of the prefecture. Droughts also contribute to a quality deterioration of surface water as a result of a decline in stream discharge Sreedevi, 2002) . Rainfall events in the study area often take the form of heavy storms, with destructive effects. Such a storm, that caused extended damage in the city of Korinthos, occurred on the 12 January 1997 (Voudouris and Papadopoulos, 1998) . According to the data collected from the rain gauge station of Velo (Fig. 5) , the abovementioned incident lasted 42.6 h (started on 11 January at 21:00 and ended on 13 January at 15:40). The total rainfall depth in a 12-h period was 180 mm, whilst in a 24-h period it was 301.8 mm with a maximum intensity of 31.5 mm/h. The total rainfall depth of this event measured up to 64% of the mean annual rainfall. However, extreme rainfall events are not alone responsible for the devastating floods in the area. Human interventions along the stream banks, the deforestation, the deficient maintenance of the sewerage system, the rapid urbanization of the area in the absence of rural planning and the poor and incomplete road constructions have played a key role in the destructive flood of the 12 January 1997.
Evapotranspiration
Potential evapotranspiration was calculated from mean monthly temperature. Based on Thornthwaite method , the estimated actual evapotranspiration is 74%-81% of the annual rainfall amounts in lowlands and 38-50.5% in mountainous area. A rather strong negative association (Er=−0.043h+81. 8, r=0.84) , was found between the actual evapotranspiration Er (%) and the altitude h (m) for each station (Fig. 6) .
As for precipitation, the DEM of the prefecture with the use of the above-mentioned equation was used to derive the spatial distribution of Er through the use of the raster calculator of ArcGIS. For the calculations, the field capacity or water holding capacity was set at 110 mm for post-alpines deposits and 60 mm for limestone. The total volume was estimated to be 722.3×10 6 m 3 /yr (52% of the annual rainfall). The remaining amount between rainfall and evapotranspiration is allocated to infiltration and surface runoff (streamflow).
The mean water balance shows a water surplus from January to April, while in May-June the process of consumption of soil humidity takes place. Water deficit is observed from June to October, while the period October-December is the replenishment period (Fig. 7) .
Infiltration
Infiltration coefficients of similar formations in Greece were adopted for the geological formations in Table 2 . The spatial distribution of the infiltration coefficients derived from the product of the raster of infiltration coefficients to the raster of annual precipitation amounts. Based on these coefficients and geological map of the prefecture (Fig. 2) which was digitised in vector polygon form, the total infiltration was estimated to be 290.6×10 6 m 3 /yr or 20.9% of the annual precipitation. The analysis was accomplished on the basis of a raster grid with a cell size of 50 m×50 m.
The major aquifers in the prefecture of Korinthos occur within the carbonate rocks (karst aquifers), due to their high infiltration capacity (45-52% of the annual rainfall) (Rockel and Hotzl, 1986) . Karst aquifer systems often discharge groundwater through large springs; inland freshwater springs and coastal brackish water springs. The mean annual volume of spring freshwater was estimated to be 117.5×10 6 m 3 /yr (Voudouris, 2007) . 
Streamflow
Flow in the torrents persists throughout the wet period, depending on the amounts of rainfalls and snowfalls. There are not available data for the other torrents of the prefecture. The spatial distribution of surface runoff derived when the respective raster of equivalent infiltration coefficients and Er subtracted from the respective mean rainfall depths. Based on Thornthwaite approach, the mean annual streamflow (R) was estimated to be 377.7×10 6 m 3 or 27.1% of the mean annual rainfall (Table 3 ). The water balance parameters for each hydrological watershed are shown in Table 3 .
According to the Ministry of Environment Land Planning and Public Works an average of 30×10 6 -64×10 6 m 3 /yr of water discharges from the Asopos basin (284 km 2 ) by surface runoff. A small amount (14×10 6 m 3 /yr) of surface runoff of Asopos river is captured for irrigation use and the major part of winter time torrential flow goes to the sea .
Conclusions
Multiple linear regression and GIS were used to estimate the spatial distribution of rainfall. The physiography of the Korinthia area controls the annual rainfall distribution. The largest precipitation amounts occur in the SW part of the region and decrease towards east and north. Extreme climatic events in the form of both droughts and floods have been occured.
With regards to the hydrologic balance components of the studied prefecture on temporal and annual basis, using the Thornthwaite method and GIS technique the following conclusions can be drawn: (i) the long term rainfall is 1.39×10 9 m 3 /yr, (ii) the mean actual evapotranspiration amounts 0.72×10 9 m 3 /yr and (iii) the infiltration and streamflow were estimated to be 0.29×10 9 m 3 /yr and 0.37×10 9 m 3 /yr, on average, respectively. On spatial basis, the hydrologic balance identified the highest surplus in western part of the area and the lowest in the eastern.
The hydrological balance could be useful in order to optimize the water resources management in a basin scale, according to Water Framework Directive 2000/60/EC. Future investigations of the hydrological balance would benefit by improvement in hydrological data monitoring, application of isotopic analysis and computer modelling to simulate water cycle.
